Esterases of 53 strains of Yersinia enterocolitica sensu stricto, including five previously defined biotypes, and 30 strains of Yersinia pseudotuberculosis were analysed by horizontal polyacrylamide-agarose gel electrophoresis and by isoelectrofocusing in thin-layer polyacrylamide gel. Esterase bands were defined by their range of activity towards several synthetic substrates, their resistance to heat and to di-isopropyl fluorophosphate. The two species were characterized by distinct electrophoretic patterns of their esterases. The apparent molecular weights of the heat-resistant esterase of Y. enterocolitica and of the major heat-resistant esterase of Y. pseudotuberculosis, as determined by polyacrylamide gradient gel electrophoresis, were estimated to be 52000 and 250000, respectively. On the basis of electrophoretic mobilities and isoelectric points of esterases produced by strains of Y. enterocolitica, five principal zymotypes were observed : two for strains of biotype 1, two for strains of biotypes 2 and 3, respectively, and only one for strains of both biotypes 4 and 5. The zymotypes of strains of biotypes 2,3,4 and 5 appeared to be more closely related to one another than to zymotypes of strains of biotype 1. Variations in number or mobility of bands observed within each biotype of Y. enterocolitica and within some serotypes of Y. pseudotuberculosis could represent an additional marker for epidemiological analysis.
INTRODUCTION
Yersinia enterocolitica and Yersinia pseudotuberculosis, causative agents of diverse human and animal diseases, are distinguishable from one another by both conventional biochemical tests and DNA hybridization (Brenner et al., 1976) . Strains of Y . pseudotuberculosis were found to be homogeneous in DNA relatedness and relatively uniform in biochemical tests, whereas Y. enterocolitica strains were found to be genetically and biochemically heterogeneous (Brenner et al., 1976; Harvey & Pickett, 1980; Kaneko & Hashimoto, 1982) . Bercovier et al. ( 1 9 8 0~) have defined the species Y. enterocolitica sensu stricto ( S S ) which contains five major biotypes based on reactions for lipase, DNAase, Indole, D-xylose, sucrose, Dtrehalose and NO, reduction to NO,. This species which forms one DNA relatedness group (Brenner et al., 1980a) is distinct from the newly described species Y. intermedia (Brenner et al., 1980b) , Y. frederiksenii (Ursing et al., 1980) and Y. kristensenii (Bercovier et al., 19803) .
The present work, which extends previous research on enterobacterial esterases (see Goullet, 1980a Goullet, , b, 1981 , proposes a new phenotypic approach for both specific and intra-specific differentiation of Y. enterocolitica (SS) and Y. pseudotuberculosis by electrophoretic and isoelectrofocusing patterns of their esterases. 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3  3  3   Table 1 7 According to Thal (1954 
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Acrylamide-agarose gel electrophoresis
Esterase zymograms obtained by polyacrylamide-agarose gel electrophoresis gave distinctive and reproducible banding patterns for both Y. enterocolitica and Y. pseudotuberculosis strains. Electrophoretic relationships were established between the strains by multiple runs, comparing esterase bands side by side on the same gel. The MF values were used only comparatively.
Yersinia enterocolitica. The greatest numbers of esterases were detected with P-naphthyl acetate as substrate. Five bands, designated as E,, E2, E3, E4 and E5 in order of decreasing mobility towards the anode, and one band (E6) migrating to the cathode, were defined (Fig. 1 a) . Band El reacted with P-naphthyl acetate. Band E2 was stained by a-naphthyl and P-naphthyl acetates and included two anodic satellite components. Band E3 hydrolysed the five substrates.
Band E4 hydrolysed a-and j?-naphthyl esters and reacted slightly with indoxyl acetate. Band E5 hydrolysed strongly a-and P-naphthyl acetates and, to a lesser extent, other substrates. Band E4 remained stable after incubation for 10 min at 60 "C, whereas band E5 was partly inactivated under the same conditions. Band E6 hydrolysed P-naphthyl acetate and butyrate and reacted slightly with other substrates. Two other bands E,, and E,, (Fig Ib, c) were detected by a-naphthyl acetate and reacted slightly with indoxyl acetate. Band E,, was weakly stained by P-naphthyl acetate. Bands E2, E4 and E,, were resistant to loM3 M-DFP, whereas bands El, E3, E5, E6 and E,, were inhibited at this concentration. Figures 2,3 and 4 show the electrophoretic distribution of esterases in the five biotypes. Bands E l , E2 and E4 were identified in all biotypes whereas bands E3 and E5 were identified in biotype 1 only. Band E7 of strains of biotypes 2 and 3 showed hydrolysing activity towards synthetic substrates similar to that observed for band E6 of the other biotypes, but migrated to the anode. All strains of biotype 1 (Fig. 2 ) produced bands El, EZ, E3, E4, E5 and E6 with the exception of strain 5 for bands E3 and E5 and of strain 7 for band E6. Bands E2 and E4 showed electrophoretic uniformity among the strains, whereas bands El, E3 and E5 displayed two types of mobility. Variations in mobilities of bands E3 and E5 defined two principal groups of strains : group A for strains 1,4,5,7,11,12 and 14 and group B for strains 2,3,6,8,9,10,13 and 15. Band E,, was detected in strains 3, 4, 5, 7 and 10 only. Strains of biotypes 2 and 3 (Fig. 3) showed identical mobilities for bands E l , E4 and E,, respectively. In these two biotypes band El was faint. Band E2 of strains 28 to 33 (biotype 3) migrated slower than the corresponding band of other strains. Band E,, was produced by all strains of biotype 3. This band overlapped with band Eab, produced by strains 28 to 33. Separation and characterization of bands were then achieved by using 6 or 8 % (w/v) acrylamide (instead of 7%) and by noting differences in DFP inhibition.
Some additional bands were observed in biotype 2; band E, revealed by a-naphthyl acetate in strains 17 to 19; band Eb revealed by /3-naphthyl acetate in strains 16, 19 to 21, 24 and 25; and band E, detected by a-naphthyl butyrate in some strains of biotype 3 (not shown). Strains of biotypes 4 and 5 (Fig. 4) showed very similar patterns in mobilities of bands. However for strains of biotype 4, (except strain 42) the band El was faint or not detected whereas for strains of biotype 5 (except strain 49) the band El was well stained. In these two biotypes, band E6 migrated towards the cathode faster than the corresponding band of biotype 1, with the exception of strain 53 (biotype 5 ) ; in some strains, band E2 was not detected. Yersinia pseudotuberculosis. Five esterase bands, detected with /3-naphthyl acetate and designated as P1, P2,, P2b, P3 and P, in order of decreasing mobilities, were defined (Fig. 5a) . Band Pl was faint and reacted only with P-naphthyl acetate. Bands P2, and P2b hydrolysed pnaphthyl acetate and, slightly, a-naphthyl acetate and /?-naphthyl butyrate. Band P3 was active towards P-naphthyl esters. Band P4 was prominent, hydrolysing strongly a-and p-naphthyl acetates and to a lesser extent other substrates. The bands P3 and P4 remained active after 10min at 60°C. In addition, one fast-migrating band, Pa, (Fig. 5b) , was detected with anaphthyl acetate and indoxyl acetate. The esterases P1, P3 and P4 were inhibited by
M-
DFP, whereas esterases Pza and P2b were resistant to M-DFP. Figure 6 shows the electrophoretic distribution of esterases in strains of different serotypes. Individual mobilities were found to be identical among the strains for bands Pa,, P3 and P4, respectively. Band Pa, was not recovered in strains 22 and 24. Band P4 was not recovered in strain 3 (serotype 1) and in strains 27 and 28 (serotype 5). Variations in mobility appeared only for band PI of strains 29 and 30 (serotype 6) and for bands PZa and P2,, of strain 16 (serotype 3). Table 1 by asterisks were also analysed by isoelectrofocusing. A broad pH gradient (3.5 to 10) was initially employed but the two narrow pH gradients (4 to 6.5 and 5 to 8) were subsequently preferred because they gave higher resolution of esterase bands. The better results were obtained with a-naphthyl acetate as substrate. Esterase bands of Y. enterocolitica strains resolved by isoelectric focusing had PI values ranging from 4.9 to 6.7 (Fig. 7) . Esterase E2 was visualized at pH 4-9 for strains of biotype 1 but was not recovered for strains of other biotypes. Esterases E3 and E5 (biotype 1) showed two distinct isoelectric focusing patterns: one Esterase patterns of Yersinia spp. 1477 for strains of group A with the higher PI values, another for strains of group B with the lower PI values. Esterase E4 focused at pH 6.4 for strains of biotype 1 and at pH 6.6 for strains of other biotypes. Esterase E7 showed the same PI at 6.7 among the strains of biotypes 2 and 3. Esterase E,, focused uniformly at pH 5 for strains of biotypes 3,4 and 5 , whereas esterase E,, focused at pH 5.25 for strains of biotype 3 and at pH 5.4 for strains of biotypes 4 and 5. Anodic band El and cathodic band E6 were not resolved by isoelectric focusing. However, using this technique two esterase bands, designated as EF1 and EF2, produced by strains of biotype 2, were seen at pH 4.9 and 5.2, respectively whereas these two bands were undetected by conventional polyacrylamideagarose gel electrophoresis. For strains of Y. pseudotuberculosis, one major band and one minor band were visualized at pH 7 and pH 5, respectively. The major band was identified as esterase P4 and the minor band as esterase Pa,. This latter band was diffuse, while esterase E,, of Y. enterocolitica focused as a sharp band. No detectable variation of esterase PI among the strains of Y.pseudotuberculosis was observed.
Isoelectric focusing Strains indicated in
Polyacryiamide gradient gel electrophoresis
Esterase E4 produced by all strains of the five biotypes of Y. enterocolitica and esterase P4
produced by Y. pseudotuberculosis strains, two kinds of esterase resistant to heat, were investigated by polyacrylamide gradient gel electrophoresis for 500, 1000, 1500, 2000 and 2500 Vh. Figure 8 shows that asymptotic migration necessary to determine molecular weight (Rodbard & Chrambach, 1971) was obtained with both Y. pseudotuberculosis and Y. enterocolitica. Using human serum albumin and Escherichia coii alkaline phosphatase as standard protein, the apparent molecular weights of esterases E4 and P4 were estimated to be approximately 52 000 and 250 000, respectively. P4 from Y. pseudotuberculosis were very distinct in molecular weight. The distinctive esterase patterns of these organisms reflect their taxonomic distance as observed in DNA relationships (Brenner et al., 1976) and correlate with the specific differences in protein electrophoretograms (Hudson & Quan, 1975) , whereas only small interspecies differences were detected in cellular fatty acid composition (Jantzen & Lassen, 1980) .
On the basis of comparative distribution of electrophoretic bands and isoelectric points of esterases produced by strains of Y. enterocolitica, five principal zymotypes may be distinguished : zymotypes A and B for strains of biotype 1, zymotypes C and D for strains of biotypes 2 and 3, respectively, and zymotype E for strains of both biotypes 4 and 5 (Table 2) . Zymotypes A and B were distinguishable from the other zymotypes by the presence of bands E3 and E5 and by differences in mobility of band EZ. Zymotypes C, D and E appeared similar in terms of the E, and E4 band mobilities and in terms of E4 band PI. Strains of biotype 2 differed from strains of biotype 3 by the absence of bands E,, and Eab and by the presence of two esterase bands detected by isoelectric focusing and not recovered by electrophoresis. Strains of biotypes 2 and 3 differed from strains of biotypes 4 and 5 by the presence of band E7 and absence of band E6. According to electrophoretic and isoelectric focusing patterns of esterases, strains of biotypes 2 , 3 , 4 and 5 appear to be more closely related to one another than to strains of biotype 1, as was observed with P-lactamase electrofocusing patterns (Wauters, 198 1) .
Variations in number or in mobility of bands observed respectively within each biotype of Y. enterocolitica and within some serotypes of Y. pseudotuberculosis could represent an additional marker for epidemiological analysis. 
